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DECLARATION UNDER 37 C.F.R, S1.132 



I, Tadashi Ishikawa, hereby declare and state as follows: 

1 . 1 am a co-inventor of the above-identified patent application, which has been 
assigned to Nippon Steel Corporation, Tokyo, Japan. I have been employed by Nippon Steel 
Corporation since 1980, and my current positions are Head, Chief Researcher, and General 
Manager of Plate, Pipe, Tube and Shape Research Laboratories; and General Managers of 
Plate Division, and Pipe and Tube Division. I'm also a visiting professor of mechanical 
engineering at Nagasaki Institute of Applied Science, Japan, and a Fellow of the Japan 
Welding Society. I graduated from Cambridge University, United Kingdom, with a Ph.D. 
degree in Materials Science & Metallurgy, Physics & Chemistry in 1990, 

2. I have reviewed the Office Action mailed April 29, 2009, the Advisory Action 
mailed December 23, 2009, and the reference cited therein, i.e., JP2001-73071 ("Yoshiyuki") 
in viewof JP3-153828 ("Shigeru"), JP2001-001148 ("Tomomasa'O, and JP 2002-161329 
("Hasegawa"). I have also reviewed the specification and the pending claims of the present 
application. 
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3. I understand that the Examiner is of the opinion that (i) Yoshiyuki discloses a 
welded joint of thick steel plates of 50 mm or more^ and that although Yoshiyuki discloses 
that the difference between the hardness of the heat affected zone (HAZ) and the base metal 
is small, it is known in the art to regulate a small hardness difference between the weld metal 
and HAZ; (ii) Shigeru or Tomomasa discloses limiting the thickness of the welded portion to 
much smaller than the thickness of the plates; and (iii) Hasegawa discloses a grain size of 
prior austenite in the HAZ of not more than 200 micrometers* 

4. The present invention provides a large-heat-input butt- welded joint of high 
strength steel plates over 50 mm in thickness. In the welded joint of the invention, the 
hardness of the weld metal is controlled to 70% to 110% of the hardness of the base metal. 
As is understood in the art, "large-heat-input welding" refers to a welding process having a 
heat input of at least about 50 kJ/cm, whereas "small-heat-input welding" refers to a welding 
process having a heat input of about 50 or less kJ/cm, For example, according to Structural 
Steel by Shuzou Ueda, published in 1987 by Corporation of Japanese Steel Association, 

[w]elding heat-input, H.L(kJ/cm) is a function of welding 
currency I (A), arc voltage E(V) and welding velocity 
v(cra/min) and expressed as H.I =60 x I x E/v. It is often called 
large heat-input in case heat-input is not less than 50,000J/cm 

(p. 53, Footnote*!; copy attached herewith as Exhibit A). Fig, 5,3.2 of New Structural Steel 
Plate and Its Property, published in 1981 by Japanese Structural Steel Association (ISSC), 
also shows heat-input which distinguishes the vTrs of the bonding part of the large heat-input 
welding steel from that of the general steel is about 50 kJ/cm (p. 1 13, Fig. 5.3.2; copy 
attached herewith as Exhibit B). A translation of Fig, 5.3.2 is provided below: 
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Steel for Lv^rge He&t- Input 

i. .. . \ ..^—O^ 

Heat iDput (kJ/cm) 



Fig. 5J.2/The relation between heat-input and vTrs of bondiag 
piirt fer HT-SG having yield stress of 32 kgf7mjir 

Th usi, a person of ord inary skiM in the an would understand that the border of heat«input 
betvveeh large heat-input welding and srnai} heat-input vvelding is about 50 kJ/cm. 

In small-heal-input welding, coof ing of the welded joint is fast, msuhing in 
rapid hardening of the IIAZ, In contrast in !arge-heat-input welding, cooling of the welded 
Joint is much slower. As a result, the HAZ in a welded joint produced by large-heat-input 
welding has a coarser micro-structure as compared to the HAZ in a welded joint produced by 
smaO-heat-input welding, leading to a lower HAZ hardness. My co-inventors and I have 
discovered that conventional iarge-heat-input welded joints of high strength steel plates of 
OYCr 50 inm in thickness suffers fiom low fraotnre toughness despite having excellent Charpy 
values. A fter intensive investigation, we have discovered that the low fracture toughness is 
due in part to local stress caused by the hardness difference betwe^^ the vyeld metal and the 




base metal, with higher local stress for higher hardness of the weld metal. We have also 
discovered that fracture resistance can be significantly improved by controlling, inter alia, the 
hardness of the weld metal to no higher than 1 1 0% of the hardness of the base metal. The 
criticality of controlling the hardness of the weld metal to no higher than 1 10% of the 
hardness of the base metal can be seen from Figure 1 of the application, which is reproduced 
below. As Figure 1 shows, fracture toughness Kc drops sharply when the hardness of the 
weld metal reaches 110% of the hardness of the base metal. 



Fig. 1 



• RESULTS OF DEEP-NOTCH TEST 
O VALUES ESTIMATED FROM RESULTS OF CHARPY TEST 
APPROPRIATE UPPER LMH 

6000 
5000 
4000 
\ 3O0O 

z 

^ 2000 
1000 
0 

0.5 1 1^5 

Hv(WM)/Hv(BM) 

5. The primary reference, Yoshiyuki, discloses a steel composition devised to 
provide a base metal that softens only marginally when affected by the weld heat resulting in 
a small hardness difference between the base metal and the HAZ, thereby improving the 
fatigue strength and reducing the occurrence of stress-corrosion-cracking. However, 
Yoshiyuki does not disclose a high strength steel plate of 50 mm thick or more or producing a 
welded joint using large-heat-input welding. Nor does Yoshiyuki disclose the low fracture 
toughness problem associated with a conventional large-heat-input welded joint of high 
strength steel plates over 50 mm in thickness, or controlling, inter alia, the hardness of the 
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weld metal to no higher than 110% of the hardness of the base metal to achieve excellent 
brittle fracture resistance. 

Regarding steel plate thickness, Yoshiyuki discloses in ^ [0037] that 

for the steel plate of 50 mm or less of board thickness the JIS 
No. 5 test piece is used for tensile test to a rolling direction and 
rectangular direction, for the steel plate of 50 mm or more of 
board thickness the JIS No, 4 round bar test piece which is 
extracted from Ya board thickness position is used for tensile 
test. 

As shown in Table 2 on page 438 of Japanese Industrial Standard JIS 22201:1998, entitled 
"Test Pieces for Tensile Test for Metallic Material" (copy attached herewith as Exhibit C), a 
No. 5 test piece is used for a material of 6 mm up to and including 20 mm in thickness, and a 
No, 4 test piece is used for a material of 20 mm up to and including 40 mm in thickness. 
Accordingly, a person skilled in the art would have recognized that the reference in If [0037] 
to "50 mm" is an error, which should be "20 mm" instead. The fact that all examples in 
Yoshiyuki have a thickness of 50 mm or less further supports this conclusion. 

Regarding welding heat input, Yoshiyuki discloses that 

in order to investigate the hardness difference of a heat affected 
zone and a base material, it is based on the maximum hardness 
test method of the heat affected zone specified to JIS Z3 101, 

According to Section 3.6 on page 2 of Japanese Industrial Standard JIS Z3 101-1972, entitled 
"Testing Method of Maximum Hardness in Weld Heat-Affected-Zone" (copy attached 
herewith as Exhibit D), "the welding condition shall, as a rule, conform to the following: 
welding current 170±10A, welding speed 15±1 cm/min." Although JIS Z3101 does not 
explicitly describe welding voltage, it is well known to a person skilled in the art that the 
welding voltage is 250 V. Therefore, the welding heat input in Yoshiyuki is 17 kJ/cm, which 
is small-heat-input welding. 

The structural difference between the welded joints of Yoshiyuki and the 
present invention as a result of factors such as the difference in welding heat input can be 
seen clearly by a comparison of the hardness of the HAZ. In Yoshiyuki's welded joint, the 
hardness of the HAZ is similar to the hardness of the base metal, as shown by the 
experimental data presented in Table 3 of Yoshiyuki. A partial translation of Table 3 is 
shown below: 
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Partial translation of Table 3 of Yoshiyuki 



steel 
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In contrast, as can be seen from the table below, which provides hardness data of HAZ for the 
examples listed in Table 1 of the present application, in the large-heat-input welded joint of 
the present invention, due to HAZ softening, the hardness of the HAZ (see, the column 
identified by heading Hv(HAZmin)) is much lower than the hardness of the base metal (see, 
the column identified by heading Hv(BM)). 
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6. None of the secondary references discloses controlling the hardness of the 
weld metal to no higher than 1 10% of the hardness of the base metal to achieve excellent 
brittle fracture resistance in a large-heat-input welded joint of high strength steel plate of 50 
mm thick or more. As the table below shows, each of these references discloses welded 
joints of steel plates of no more than 50 mm thick and/or produced by small-heat-input. 





Shigeru 


Tomomasa 


Hasegawa 


Plate thickness 


6-25 mm (table 2) 


50 -200 mm 
([0042]) 


45 mm ([0065]) 


Heat input 


15-40 kJ/cm (table 2) 


10-40 kJ/cm 
([0042]) 


20 kJ/mm 
([0065])S 



^This heat input corresponds to 200 kJ/cm, 



7. Based on the above discussion, it is my opinion that the cited references would 
not have led one of ordinary skill in the art to the welded joint of the present invention. 

iit * * 

I hereby declare that all statements made herein of my own knowledge are 
true, and that all statements made on information and belief are believed to be true; and 
further that these statements were made with the knowledge that willful false statements and 
the like so made are punishable by fine or imprisonment, or both, under Section 1001 of Title 
1 8 of the United States Code, and that such willful false statements may jeopardize the 
validity of the patent or any reexamination certificate issued. 

Respectfully submitted, 

Date 0 Tadashi ISHIKAWA 

Enclosures: 

Exhibit A 
Exhibit B 
Exhibit C 
Exhibit D 
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EXHIBIT C 



JISZ2201 : 1998 



Test pieces for tensile test for metallic materials 



(.tion This Japanese Industrial Standard is based on ISO 6S92 : 1984. Metallic 
Inf^" . jg^femils testing. However, this Standard specifies the non-proportional test 
included in ISO 6892. This is because that the sudden abortion of the non- 
pi^^^ tional test piece which h^s be^in specified so fat in the Japanese Industrial Stan- 
^"^^^^fpr a long time is considered to affect a commercial transaction to a great extent, 
d^^^ thel^^^' taking this circuthstant^e into account the division of use and the dimen- 
^'^^^of test piece specified ill ISO 6892 ar& included newly in Remarks Table 1 to con- 
5^^^ te to the use, when testing the materials specified in ISO Staxtdaxd with a view to 
,^ ^ conformity with the International Standard. 

Scope This Japanese Industrial Standard specifies test pieces for tensile test for 
Metallic materials (hereafter referred to as "test piece''). 

Remarks 1 When the tensile test values are required to be compared between the 
test pieces of different materials or different dimensions^ or when the 
tensile test results are used in international trade, it is preferable to 
use the proportional test piece specified in this Standard. 

2 The foUov.^iug standard is coriresponding International Standard to this 
Standard : 

ISO 6892 ; 1984 Metallic msten&Js- Tensile testing 

% Normative references The following standard contains provisions which, through 
reference in this Standard, coastitiite provisions of this Standard. The most recent edi- 
tion of the standard indicated below shall be applied. 

JIS G 0202 Glossary of terms used in iron and steel (testing^ 

3 Definitioji^ For the purpose of this Standard, the definitions given in JIS G 0202 
apply^ 

4 Types of test piece 

4.1 The te^t pieces shall be cla&sified as specified in 5,1 depending upon the form and 
size. These are' classijBed into the proportional test piece and the non-proportional one 
as given in Table 1. 
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Table 1 Cias sification of test piece 





4^^3,L I^Uiiri Leo Li 

P3ece 


piece 


ri] r>n laT" triTTn 

tetut piece 


Arc section 
test piece 


test piece 


Proportional 
test piece 


No.HB 


No.2, No-i4A 


No.MC 


N0.14B 




Non- 
proportional 
test piece 


No.lA, No. IB, 
N0.13A, 
No.lSB 


No. 4, No. 10, 
No.SA, N0.8B, 
N0-8C, No,Sl) 


Nd-H 


No.l2A. 
N0.12B, 
N0.12C 


No.9A, No,9E 



Remarks : In addition to Table 1, the special test pieces are specified in Annex. 



4.2 The selection of a type of test piece to be used shall be in accordance with the 
requirements of the standard for particular material, but it is recommended to be se- 
lected as given in Table 2. 



Table 2 Division of use of test pieces 



Material 


Test piece 


1 


Form 


Dimensions 


Proportional 


Non -proportional 


Sheet, 
pl&te, 

strijp 


Over 40 mm in. thickness 


No. 14A 


No. 4. No, 10 


For bar foflrm test pifice ^ 1 


No. 14B 




For flat fgrin test piece _^ | 


C\r£>r 9n mm iiTi tn UtiA inM id 

mm in thickness 


No 14 A 


No, 4, No. 10 


For bar form test piece^^ j-' 


No. 14B 


No. lA 


For flat form test piece ; . | 

b 
t 


Over 6 mjn up to and incl. 20 mm 
in thickness 


No. 14B 


No. lA, No. 5 


Over 3 mm up to and, incL 6 mm 
in thickness 


No. 5, 
No. 13A. 
No. 13B 


3 mm or less in thickne&s 




Bar 




No. 2, 
No. 14A 


No. 4, No. 10 


i 


Wirs 






No. dA, No, 




Pipe 


Pipe of small outside dia. 


No. 14C 


No. U 


For tubular foxro testp^ 


60 mm [Ji- less in outside dia. 


No. 14B 


No. 12A 


For are section test pi*'^^ 


Over &0 mm up to and inch 170 
mm in outside dia. 


No. 12B 


Over ITO mm in cutEidti dia, 


No. 12C 


200 mm or over in outside dia. 


No. 14B 


No. & 


For flat form t^st piece 
^ic section teat piec^^^ ■ 


Thick wall pipe 


No, 14A 


No. 4 


For bar form testjpi^f^ 


Cast- 




Nfi. 14A 


No. 4, Mo. 10 








No. 8A No. 8B 

No. sa No. aD 


To be used when el^^"^^. 
tion value is not req^^^ : 

To bfi taken from ^^^j- ^ • 
pon caeted for t^stp^^^ ; 






No. 14A 


No. 4, No. 10 


% 
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No. iB test piece shall be used iji the case where the test pieces shown 
in Table 2 are not suitable to be used- 
No, 3, No. 6 and No. 7 test piece specified in Annex should be used when 
the use of test pieces giv^n in Table 2 is not suitable. 

For the materials specified in the International Standard, the division 
of use shown in the following remarks Table 1 may be used. 



Iteixi^l^s Table 1 Division of use, And dimension of test piece 
based <m IntematiDnal Standard 

Unit : mm 



action 




Width 
W 


Gauge len^h 
L 


Parallel length 
F 


Dist^iLce from 
^nd of parallel 
portion to grip 


product^,, 

Sb^et 


Less than 3 rora jn 
sheet thickness 


20 


80 


' t> 

120 


140 




3 mm or more in 
sheet thickness 0 










Bex 


Less than 4 mm in 
QUtside diameter 




200 
100 




2B0 
150 




4 mm PI more m out- 
side diameter (^) 




BjP 


L+2D 




Wire 


Lesa than 4 mm in 
outside diameter 




200 
100 




250 
150 




4 mm or more in out- 
side diameter 




5D 


L+2P 






Less than 3 mm in 
pipe thickness 


12.5 

20 


50 
80 


75 
130 


87.5 
140 




3 mm OT mora in pipe 
thickness 




5.65 






Shape 


Less than 4 mm in 
thickness 




200 
100 




250 
150 




4 mm or more in 
thickness (0 




527 


1 1 . H 





I) \ diameter of parallel portion, A \ sectional area of parallel portion 

Note 0 When using a test piece of circular cross section, D = 5 mm, 10 mm, or 20 mm 
is recommended. 



Remarks 1 In the case of rectangular cross section, the ratio between sheet thickness 
and sheet width shall not exceed 8:1. 

2 In the case of hexagonal cross section, the parallel len^h shall be F - X + 

3 The parallel length, in the case of circular cross section and in other cases, 
shall be i+ 0.5i?and P=i+1.5Vjf ot more respectively, even in the 
minimum.' 



2 
3 
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5 XVxrm and duncaxeioas of test piece 

I 

5.1 Form and dixnensums cf test piece The ferms and dimension of the test pieces| 

shall be as follows. % 

J' 

a) No. 1 test ]>iece The fom and duxxensions of this test piece shall conforin to Wig, i|: 

.1' 



tit 



IE 



Type of test 
piece 


Width 
W 


Gauge length 
L 


PaxaU^lIcngth 

" ' F ' ' 


Ha^dius of fillet 


Thickness 
T' 


lA 


40 


200 


220 appiox. 


25 min. 


thickness rf\ 
material 


IB 


25 


200 


220 apprDz. 


25 mm. 


Thickness of 



¥ig. 1 No, 1 test piece 
b) No* 2 test piece The form and dimensions of this test piece shall conform to Fig. 2 







CI 





















Dia. or width across flats 
D 


Gfiuge length 
L 


Distance between grips 
P 


Size of material 







Remarks : For No. 2 test piece, the bars of »Qt jraore than 25 mni in nomiixai diaJ^^' 
ter (or width across flats) shall "be used. 



Fig. 2 No. 2 test piece 



T 

ickness of 

icki>ess of 
.terial 



to Fig. % 



al diame- 



•est piec^ 
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j^o. I^Bt piece The form, and dimensi&ns of No. 4 teat piece shall conform to Fig. 
3- 









p 


1 

\ 







Unit; 



mm 



Diameter 
D 


Gauge length 
L 


Parallel length 
P 


Radius of fillet 
R 


14 


50 


60 approx. 


15 min. 



ilemarks 1 The parallel portion of No. 4 test piece shall be machine-finished. 

2 If No.4 test piece of the dimensions as specified ixx Fig. 3 can not be ob- 
tained, the diameter of parallel portion and the gauge length may be 
determined in accordance with the fomula L - 4-/a , where A is the 
cross-sectional area of parallel portioti. 

Pig. 3 No» 4 test piece 

No. 5 test piece The form and dimensions of No. 5 test piece shall conform to Fig, 
4. 



- 




1 




y ■ 1 
















' p 





Unit : mm 



Width 


Gauge length 


Parallel length 


Radius of fiUet 


Thickness 


W 


L 


P 


R 


T 


25 


50 


60 approx. 


15 min. 


Thickness of material 



Remarks : In the case of applying No. 5 test piece to steel sheets not more than 3 
mm thick, the radius R of fillet shall he 20 mm to 30 mm, and the width 
5 of gripped ends shall be 30 mm or over. 

Fig. 4 No. 5 test piece 



- 441 - 



- Z 2201 - 

e) No. 8 test piece The form and dimensions of No. 8 test piece shall conform to Fig, 
5. 




Unit : mm 



Type of test 
piece 


Casting diroeasions of 
test coupon (diameter) 


Parsillel length 
F 


Diameter 
D 


Radius of fiHet 
It 


8A 


13 approx. 


8 approx. 


8 


16 min. 


SB 


20 approx. 


12,6 approx. 


12,6 


25 min^ 


8C 


30 approx- 


20 approx. 


20 


40 mill. 


8D 


45 approjt- 


32 approx. 


52 


64 min. 



Remarks 1 No. S test piece shall be used for the tensile testing of the materials 
such as iron castings which do not require elongation values. 

2 No. 8 test piece shall be sampled from the specimen ca$t to the dim^n- 
sions given in the Table. 

Pig, 5 No. 8 test piece 
f) No. 9 test piece The form and dimensions of No. 9 test piece shall conform to Fig- 6. 













■ 














1 

L 






P 



Unit ; mm 



Type of test piece 


Gai^e length 
L 


Distance between grips 
F 


9A 


100 


150 min. 




200 


250 min- 



Fig. 6 No. 9 teat piece 



— Z 2201 — 

jjo. 10 test piece The form and dimensions of No. lO test piece shall conform to Fig. 
1. 




Unit ; mm 



Diameter 
J) 


Gauge length 
L 




KadiuB of fillet 
It 


12,5 


50 


60 apprcut. 


15 min. 



Kg. 7 No. 10 test piece 



tip. 11 teat piece The form and dimensions of No. 11 test piece shaB conform to Fig. 
8- 



Gauge leiigth i= 50 mm 

Keiiiarks : The cross section of No. 11 test piece shaU be as cut from the tubular ma- 
terial, and the gripped ends shall be inserted with metal plugs or 
pressed flat by hammering. 

In the latter case, the ler^ of parallel portion shall be not less 
than 100 mm. 



fig. 8 No. 11 test piece 
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i) No. 12 teet piece The form and dixaeneions of No. 12 test piece shall conform to 
Fig. 9. 




Unit : mm 



Type of te^t 


Width 


Gauge length 
L 


ParaTkl length 

F 


Sadiue ofjSiJet 
i? 


Thickness 
T 


12A 


19 


50 


60 approx. 


15 njin. 


Thipkness of tube 


I2B 


25 


50 


60 appirox. 




Thickness of tube 
■ "— " ' — ' — ' 


12C 


38 


50 


60 approx. 


15 min. 


Thickness of tube 



Remarks ; The cto^& section of parallel portion of No, 12 test piece *liall be arc forDti 
as cutting ov.t of the tubular materiah Howevei-j the gripped eiids of test 
piece may be hammered flat at the room temperature . 

Fig. 9 No. 12 teat piece 

j) No- 13 test piece The form and dimensions of No. 13 test piece shall conform to Kg- 
10. 




Unit : 



Type of test 
piece 


Width 
W 


Gauge 
length 
L 


Parallel length 
F 


Radius of 


Thicknft$3 
T 


Width of grippe^ 
portion 


13A 


20 


80 


120 approx. 


20 to 30 


Thickness of 
material 




15B 


12.5 


50 


60 appro*. 


20 to 30 


Thickness of 
material 


20 laii:^^ 



Fig- 10 No. 13 test piece 
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1) 



jTo. 14 test piece 

^Q, 14A test piece The fom and dimensions of No. 14A test piece shall conform 

to rig- u. 




Unit : mm 



L 


Ferallel leti^h 
F 


Radius of fillet 

n 


5.65 


5.5i?to ID 


15 min. 



A \ cross^sectiot^al area of parallel portion 

Keraarks 1 The gauge lejigth may be so determined that L~^D for circular cross 
section of parallel portion, that L = 5.65i? for square cross section, 
and that L- 5.26i?for hexagonal cross section, 

2 The length P^i paraUel portion should be as far as practicable. 

3 The diameter of gripped portions of No. 14 A test piece may be made 
the same dimension as that of the parallel portion. In this case, the 
distance of i^betweeij grips shall be so determined that P ^ SZ?. 

4 In the case of the materials specified in the International Standard, 
Remarks Table 1 in 4-2 applies. 

Fig* 11 No* 14Atest piece 
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2) No- 14B test piece The form and dimensions of No. 14B test piece shall conforia '- 
to Fig, 13. 



■f 



I-* 








i 






















L ^ 


— ^ 


4^ 


P 



f 



Unit : mm 



Width 
W 


Gauge leiigth 
L 


Parallel lej>gth 
F 


' iiadius of fillet 


Thickness 
T 




6.63 'Ja 


L+1.5Va to 


15 min. 


Thickii^sg of 
matmal 



A : ci:oss-Rectional area of parallel portion 



I 

V1 



Remarks 1 The kngth of parallel portion shall be so determined that P = Z*|| 
2 7^ , as far as practicable. | 

2 In the case of applyitig No, 14B test piece to the test of tubes, the .. | 
cross section of parallel portion shall be as cut out of the tube. ' I 

3 The width of gripped portion of No. 14B test piece m^y he made the | 
san^e as that of the parallel portioja. In this case, the parallel lenlti .| 
shallbeP^Zi+sVI- f 

4 No. 14B test piece, the standard dimensions of which are given ] 
Remarks Table 2, should be used by unifying in every reasoi&atJe I 
gauge of sheet width. i 

X. 

5 Ixx the case of the materials specified in the luternationEtl Staudard. | 
Remarks Table 1. in 4,2 applies. 

Fig. 12 No, 14B test piece 



Eemarks Table 2 Standard dimeixeions of 14B test piece 



Plate thickness 



Over 5.5 mm up to and incL 7.5 mm 



Over 7.0 mm up to and ;nc). 10 mm 



Over 10 mm up to and inch 13 mm 



Over 13 mm up to and incl. 19 iwm 



Over 19 mm up to and incL 27 



Over 27 axm up to and incl. 40 mm 



Width 
W 



12.5 



20 



40 



Gauge length 
L 



50 



60 



85 



100 



170 



205 



Unit : 



Parallel lengtti 
P 



80 



130 



265 
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^0- 1^*^ Pi®*^ '^^2 form and dimensions of No. 14C test piece shall conform 
to Fig' 13- 















L 





Gauge length L = 5,65 VX (where A is the cross-sectional area of teat piece) 

Remarks 1 The cross section of No. 14C test piece-shall be as cut out of the tubu^ 
lax material. 

2 This test piece shall be tested with its gripped ends inserted with 
metal plugs. In this case, the length of the part which is allowed to de- 
form without touching the metal plugs shall be within the range froro 

to (L-^2D): but (L+2I?) is preferable. 

3 In the case of the materials specified in the International Standard, 
Remarks Table 1 in 4.2 applies. 

Fig, 13 No. 14C test piece 

52 Parallel length of test piece In the case where the elongation valu^ is not re- 
quired irt the tensile test , the length of paraUel portion o£ each test piece prescribed in 
5.1 may be so changed that 31? oi that /^S3 Va . 

6.3 Gauge length of proportional test piece The gauge lexigth of the proportional test 
piece sh^ll be at least 25 mm. However in the case where the original sectional area of 
the test piece is too small and, therefore, the g&uge length of the proportional test piece 
is less than 25 mm, it is allowed to make the proportional constant 5.65 or more or to 
use the non-proportional test piece. 

The gauge length of the proportional test piece may be rounded off to the nearest 5 
mm, within the tolerance of 10 % on the calculated proportioixal dimension. 

5.4 Change of parallel length of proportional test piece When conducting the tests of 
proportional test pieces of varied dimensions at a ti^ne, they may be so made that the 
lengths of parallel portions shall be unified to the longest one. 

6 Tolerances on the dimensions of parallel portioii of test piece 

61 Tolerance on machined parallel portion in relation to nominal dimension The 

toieratices on diameter, thickness and width of parallel portion after machining in rek- 
tion to the respective nominal dimensions shall be as shown in Table 3. 
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Table 3 Tolerance on parallel portion in relation 
to nominal dimeneion 



Unit : mm 



Nomiaal dimensitm 


Tolerance 


Over 4 up to and incl. 16 


±0-5 


Over 16 up to and incl. 63 


±0,7 



6.2 Variation of dimension of machined parallel portion The diameter, thickness an|l 
width of mechanically-finished parallel portion of a test piece shall be uniform all ovii 
that portion, without variations (maximum valne'-mininiuxa valu^) exceeding thetojli 
erance given in Table 4 (for circular cross section) and Table 5 (for rectangular cro|| 
section). 

Table 4 Tolerance on variation of dimension of parallel portion 
(case of circular cross section) 



Mechanically-fmished diameter 


Tolerance 


Over 3 up to and incl, 6 


om 


Over 6 up to and ind- 18 


0.04 


Over 18 


0.05 



Table 5 Tolerance on Yariation of dimeueion of parallel portion 
(ease of rectangular cross section) 



1 

.•s 

I 

I 

i 



1 Scop* 

metallic 

2 Term 

3 Shap4 

3J Sha 
fied into 
sions of 

5) No. £ 
Anne 



Mechamcally-finishfid thickness or width 


Tolerance 


Over 3 up to and incl. 6 


Q.06 


Over 6 up to and inch 18 


0.03 


Over IS 


0.10 



Remarks : Fox example, if the minimum measured diameter of a parallel porti<>^ 
a No, 4 test piece is 14.30 mm, the maximum diameter of the ps^ 
portion should not exceed 14.34 mm (see Table 4). 

Besides, the finished diameter of a No. 4 test piece of 14 mm p^^'i. 
nal diameter shall be within 13-5 mm to 14.5 mm all over the p^^^^^ [ 



portion (see Table 3). 



6.3 Taper of parallel portion of test piece If necessary, the parallel portion of ^ ^ 
piece may be tapered towards the middle within the tolerance on form specified i^^^ 'i 



Re: 



ma 



Jfo. 
Ann 



- 448 - 



- Z 2201 - 



Annex (normative) 
Special tensile test piece for metallic materials 



gcope "^^^ Annex specifies the special tensile test piece used in the tensile test of 

1 ^^ic uiat^^^^* (hereafter referred to as "special test piece"). 

grja application This Annex applies until Decejuber 31. 2004, 

2 ShaP^ dimension of special test piece 

g I Sb^P^ dime&eion of special teet piece The special test piece shall be classi- 
f ed into 1^0. 3 test piece, No. 6 test piece and No, 7 test piece, the shapes and dimen^ 
sions of which are as follows ; 

No. 3 test piece The shape and dimension of No. 3 test piece shall be as shown in 



































P 



Dia. or width across flats 
D 


Gauge leAgth 
L 


Distance between grips 
F 


Size of material 




Approx. 2Z?) 



Keraarks 1 No. 3 test piece is used for bar materials the nominal diameter (or 
width acrogg flats) of which exceeds 25 mm. 

2 No. 3 test piece may be machined to be the test piece having the par- 
allel portion provided that, in this case, the diameter of parallel por- 
tion IS 25 mm or more and the length of parallel portion Pis appx05ci- 
mately 4.5 i?, 

Anne^ Fig. 1 No, 3 test piece 
b) No. 6 t0St piece The shape and dimension of No, 6 test piece shall be as shown in 
Annex Fig. 2. 






y 






I 








1 

L 


f — ' 


P 
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Widtlx 
W 


Gauge length 
L 


Parallel length 

JP 


Kadius of fiUet 


Thickness 
T 






£+approx. 10 


15 or over 


Thickness of material 



A : cross section area of parallel portion ( WX T) 

Kemark« : No, 6 test piece is used for sheet materials and shape materials thj 
thickness of which is 6 mm or under. 

Annex Mg. 2 No. 6 test piece 

c) No, 7 test piece The shape and dimejisioji of No. 7 test piece shall be shown ii| 
Annex Fig. 3. 



.Unit : mis 



Width 
W 


Gguge length 
L 


Parallel length 
F 


Radius of fiUet 
M 


Thickness 
T 


Tor over 


^4a 


Approx. l,2L 


15 or over 


Thickness of material 



A : cross section area of parallel portion ( I^X T) 

Aimei fig. 3 No. 7 test piece 

3.2 Parallel length of special teat piece If slong^tiot^ value is unnecessary in tecisi'^ 
test, the parallel length of each special test piece is allowed to be P ^ 3i? or P ^ 

3^3 Gauge length of special test piece As for the gauge length of special test p^^- 
the fraction may be rounded off up to 5 mm within a range not exceeding the tolersJ^^ 
of 10 % with respect to the calculated proportioxxal dimension. 
3.4 Change of parallel length of special test piece When carryixig out the test at ^ 
same time using the special test pieces of different dimensions, they may be prepare'* 
such a way that the parallel lengths are adjusted to the longest one* 



^ Tolerance on the dimeuaion of parallel portion of special test piece The toler^^^ 
on the dimension of parallel portion of the special test piece shall be as specified ^ 
the body. 
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EXHIBIT D 




UDC 821.791. 05:620.178. 
152.341 



Japanese Industrial Standard 

Testing Method of Maximum 
Hardness in Weld 
Heat-Affected Zone 

JIS Z 310! 



Japanese Standards Association 



Translated and Published 



by 



UDC 6Z1.79L05:620- 178. 152,341 
JAPANESE INDUSTRIAL STANDARD J I S 

Tfjflting JVtotiiod of Maadmttm Hardness In Z 3101-1972 

Weld Hoat-AffActed Zom 



t . Scope 

Tbis stftndAFd 3pecifle9 testing method ot maximum hardness in weld heait-afXected zona 
of a 5t9«l by a eorered electrode ^ hereinafter referred to a? the "maximum hardnftas test". 

2. Teat Specinieii 

Z. 1 The teet apecimeix ahall be ao indicated is, Fig. I and table 1, and tht 
thickness (t) of test material shall be 2Q mm as Atandavd* When original thiclmese 
Qi the material exceeds 20 mm, the out face aha.U. be machined cut to 20 mm, and 
in case of X*as thau 20 mm, leaving it in Qriglnal thickness. 

Fig, I. Shape of Te*t Specimen 



Measuring surface •'^eld bead 

\^ y/ Black fluxface as manufactured 



Locating of Kardnea^ tisating 




Table 1 . Dimension of Test Specimen 

Unitt: mm 



Item 


L 


W 


i 


No, 1 test specimen 


200 approx. 


75 approxi 


125 + 10 


No« 2 test Bpacimen 


2 DO approac. 


150 approx. 


XZ5 ± 10 



Applicable Standards? 

JIS B 7725-Vickar'B Hardness Testers 

JIS Z 2244-MethDd of Vicket'e Hardnees Test 



z 
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ZuZ No* 1 test speclmeti ii u^ed wli^n welding is done At room tttmperatura, and 
Nop 2 tftst specimen ia ufted wh«n w«lduig is dona with preheating » 

2, 3 , The sldd |a«e» a| test specimen can be left &a flamed cat, 

3. Welding 

3. 1 As indic:ated w Fig* It a string bea,d of 125 ± 10 tzun long i? laid cm the 
centre of black surface of test material* 

3^ 2 The covered electrode shall, as a rule, be of 4 mm di^metec and of quality 
fluitable for welding of test material. 

3. 3 The Burface of material before welding shall be left in black state as manu* 
facturedt removing by suit2.ble meang, oil, rust, excessive scale, moisture etc., 
which are harmful for welding. 

3*4 The test material shall be supported at both ends of the lozigitudinal direction 
and leaving a sufficient air apace under the reveree face. 

3, 5 The tempt ratur* of test material juat before welding ili^Il be at the room 
temperature for No^. 1 te^t specimen and thfl pj?eheatiiig temperature for No. 2 teat 
spef^imen. 

3« 6 The welding condition shall, as a rulCj, conform to the following: 
Welding current 170 + 10 A, Welding speed 15 ± I cm/min, 

3, 7 No heat treatment whatever shall be perztuttod to the test specimen after 
welding, 

4- Measurement of Hardnesa 

4i I The taking of piece for measurement of hardness shall be made at least 
12 hours after welding, and the meaaurem£nt of hardness shall be made as soon as 
possible after taking the piece* 

4. 2 The piece for measurement of hardness shall b« made at the room temper- 
ature by machine cutting the test specimen through the centra of the bead at right 
angle as indicated in Fig. 1, »nd one side of the cutting shall be used. Care should 
be taken at this time to See that the maximum hardness of measuring surface shall 
not be lowered by temperature rise during the process of cutting, which shall be 
prevented by cooling the surface* 

4. 3 The piece for hardness measurement shall be prepa^red after polishing and 
corroding the Cut Surface t? enable macrostructure to see* As indicated in f'ig. 2, 
the measurement of hardness at room temparature by Vicker's hardness teeter 
under the load of 10 kg shall he made along the straight line at the bottom of weld 
metal parallel to the black surface in Intervals of Op 5 mm. The measuring points 
shall be more than 7 at tight and left respectively of the contact point, and let the 
the greatest of the measured value be the maximum hardness required. 
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Fig, 2. q£ Estzdncivs MeAaursmi^iit 

, UdU; mm 



Weld metal 
Black fiurfi^c^ 




Heat'^fected zone 



Interval J 
H&rdnasB measurement line 



4,4 Th« equipment us«d for hardness measurernent shall be epecUied in JIS B 
77£S-^Vick«r'a :^^rdjQ(e9« T^stera, and the pthar than those stipulated in 4. 3 dhall 
be accorded with JIS Z 2244'-M€ithDd of Vic^eT^e Hardness Test. 

5. Recoyding 

5* I The hardness of each poi^t measured naust be rei^orded. 

5^ Z The temperature of test material j^st beJ^ore weldingj welding current, arc 
voltage and welding speed must be recorded. 



